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<S) An integrated process for tlie removal of sulfur compounds from fluid streams. 

@ The present Invention relates to a new and Integrated process involving the utilization of a primary 
adsorption bed containing a regenerable, physical adsorl:>ent and an auxiliary sorption bed containing a 
chemisorbent for the removal of sulfur compounds from a fluid stream^ which process provides for higher yields, 
higher purity and tower costs. A system for removing sulfur compounds in accordance with the above process is 
also disclosed. 
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AN INTEGRATED PROCESS FOR THE REMOVAL OF SULFUR COMPOUNDS FROM FLUID STREAMS 



CROSS-REFERENCE TO THE RELATED APPUCATIONS 



This application Is a continuatjon-jni>art of copending application Serial No. 104.099. filed October 5. 
5 l987.thecontentsofwhicharelncorporatedhereinby reference as if set out In ^^^^ 



BACKGROUND OF THE INVENTION 

10 

1. Raid of the invention 

This Invention pertains to the field of purifying fluid streams by the removal of at least sulfur 
15 compounds therefrom. More particularly, the present Invention relates to a new and integrated process 
which Involves the utilization of a primary adsorption bed containing a regenerable. physical adsorbent and 
an auxiliary sorption bed containing a chemisorbent for the removal of sulfur compounds from the fluid 
stream, which process provides for higher yields and product purity while at the same time generally 
requires less energy consumption and/or capital costs. 



2. Discussion of Related Art 

The removal of sulfur compounds, particulariy hydrogen sulfide, cari^onyl sulfide and allcyl mercaptans 
25 from hydrocartjon streams is desirable for many reasons, depending in part upon the Intended use of the 
final sweetened product Since a very large percentage of the lighter hydrocarbons In Hquld streams are 
ultimately used as fuel per se, the presence of sulfur compounds Is objectionable because of the safety 
factors and con^osion problems associated with such compounds and the unpleasant odor imparted and the 
air pollution resulting from the combustion tiiereof. When used as fuels for internal-combustion engines, the 
30 sulfur compounds are deleterious to the effectiveness of known octane Improvere such as tetraetfiyilead. 
The hydrocartDon streams are also generally subjected to hydrocarix)n conversion processes in which the 
conversion catalysts are, as a rule, highly susceptible to poisoning by sulfur compounds. 

So too, the tremendous increase in demand for natural gas in recent years has made tfie gas producers 
far more dependent on "sour" gas fields than ever before. As used herein, a "sour" gasjs defined as a gas 
35 containing mercaptans and/or hydrogen sulfide. "Sweetening- Is defined as the removal of the mercaptans 
and hydrogen sulfide firom a gas or liquid stream. Fbrmerty. when a gas well came In "sour", it was capped 
off because the supply and demand situation did not permit its purification. Recentiy. however, tiiese 
capped wells have been put into production and are being utilized regardless of their hydrogen sulfide and 
mercaptan content. 

40 Several methods for sweetening hydrocariwns streams have been proposed and utilized in the past, 
including tx)th chemical and physical tochniques. 

The chemical processes have involved purely chemical reactions such as scrubtrfng witii mono- or 
diethanolamine or countercunrent extraction using a hot potassium carbonate solution, and chemlsorption 
methods In which Iron oxide sponge or zinc oxide reacts vwtfi the sulfur compounds to fbrni Iron sulfide and 

45 zinc sulfide, respectively. 

A widely used chemical system for treating natural gas streams involves scrubbing witii mono- or 
dieUianolamine. The natural gas is passed through the amine solution which absorbs the hydrogen sulfide. 
The solution from the absorption equipment is passed to a stripping column where heat is applied to boil 
tiie solution and release the hydrogen sulfide. The lean, stripped solution is then passed to heat 

50 exchangers, and retumed to the absorption equipment to again absorb hydrogen sulfide gas. The principle 
disadvantages of tiie amine system are Its high operating cost, the corrosive nature of the absortjing liquid, 
its Inability to remove mercaptans and water from gas streams, as well as its general Inability to selectively 
remove hydrogen sulfide from carbon dioxide. 

Another prior art system is tiie iron sponge metiiod of purifying natjral gas, utilizing iron oxide 
Impregnated wood chips In a packed bed. The gaseous mixture containing hydrogen sulfide and/or 
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mercaptans contacts a packed bed of Iron oxide sponge, preferably chemically absorbing the sulfur 
Impurities on the exposed Iron oxide surface. A major disadvantage of this method of sweetening natural 
gas is that the fusion of iron sponge particles with sulfur frequently causes a high pressure drop through the 
bed. Moreover, the operational cost Is high because adsorbent must be replaced frequently. Rnally. the Iron 
sulfide Is pyrophoric and thus presents serious problems with the disposal of the used Iron oxide. 

Hydrogen sulfide has also been removed from natural gas by countercurrent extraction with a hot 
potassium carbonate solution. In such a system, as In the amine system discussed above, both hydrogen 
sulfide and cartwn dioxide are removed by chemically combining with potassium carbonate and later 
released by stripping with steam. Generally, significant disadvantages of this method of sweetening natural 
gas are that an amine system must follow the potassium cartx)nate system to remove the final traces of the 
sulfur compounds such as hydrogen sulfide and the non-selectivity for removing the hydrogen sulfide from 
the carbon dioxide. 

Zinc oxide has also been used for removing sulfur compounds from hydrocarbon streams. However, its 
high cost and substantial regeneration costs mal<e it generally uneconomical to treat hydrocarbon streams 
containing an appreciable amount of sulfur compound impurities on a volume basis. So too. tlie use of zinc 
oxide and other chemisorptlon materials similar to It disadvantageously generally require the additional 
energy expenditure of having to heat the sulfur containing fluid stream prior to its being contacted with the 
stream in order to obtain a desirable sulfur compound loading characteristic. 

Selective physical adsorption of sulfur impurities on crystalline zeoiltic molecular sieves is a widely 
used method. Both liquid phase and vapor phase processes have been developed. As used herein, a 
"physical adsorbent" Is an adsorbent which does not chemically react with the impurities that it removes. 

A typical hydrocarbon sweetening process comprises passing a sulfur-containing hydrocart^on stream 
through a bed of a molecular sieve adsort>ent having a pore size large enough to adsorb the sulfur 
impurities, recovering the non-adsort>ed effluent hydrocarbon until a desired degree of loading of the 
adsorfc)ent with sulfur-containing impurities is obtained, and thereafter purging the adsorbent mass of 
hydrocartx>n and regenerating the adsorbent by desortwng the sulfur-containing compounds therefrom. 

The adsorl>ent regenerating operation is conventionally a thential swing or combined thermal and 
pressure swing-type operation In which the heat input is supplied by a hot gas sut»stantially inert toward the 
hydrocartx}ns, the molecular sieve adsort^nts and the suifur-contatning adsorbate. When treating a 
hydrocart>on in the liquid phase, such as propane, butane or liquified petroleum gas (LPQ). natural gas is 
ideally suited for use In purging and adsorbent regeneration, provided that it can subsequentiy be utilized in 
situ as a fuel wherein it constitutes an economic balance against its relatively high cost Frequentiy, 
however, the sweetening operation requires more natural gas for thennat-swing regeneration ttian can 
advantageously be consumed as fuel, and therefore, constitutes an inadequacy of the regeneration gas. The 
result Is a serious impediment to successful design and operation of sweetening processes, especially 
when desulfurization is carried out at a location remote from the refinery, as is frequentiy ttie case. 

But even when treating a hydrocarbon in the gaseous phase witfi a physical adsorbent such as 
crystalline zeoRtic molecular sieves, a purge gas must still be provided to regenerate tiie sulfur-compound 
laden adsort>ent. involving the same disadvantages noted above when using a liquid phase hydrocarbon 
sti-eam. Generally, a product slip-stream from an adsortjent bed in the adsorption mode is utilized as the 
desorption gas for regenerating a used bed. The utilization of this product gas for regeneration purposes 
during the entire adsorption cycle disadvantageously reduces the final product yield. Moreover, it is 
generally difficult to get complete sulfur-compound removal when utilizing such a physical adsorbent. 

A need consequentiy exists to provide a process for removing sulfur-compounds from a liquid or 
gaseous stream which process Is more economical and efficient than the prior art techniques discussed 
above. 



SUMMARY OF THE INVENTION 



Applicants have discovered a process for removing at least sulfur compounds from a fluid stream which 
eliminates or substantially avoids all of ttie disadvantages noted above. 

More particiilariy. Applicants* process involves a totally new approach to the use of sorbents for 
removing sulfur compounds from a fluid stream which involves the integration of two types of sorbent beds, 
namely, a physical adsorbent and a chemisorbent, to arrive at a combination which is more efficient and 
economical than the use of either type of sorbent alone. 

By virtue of this invention, the advantages of using each type of sori^ent are retained while the 
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disadvantages are substantially reduced or eUminated, This results In a process which involves less capital 
costs and lower operating costs while simultaneously providing a high yield of treated fluid at even greater 
purity. 

More specifically, by studying curves plotting cycle time versus the sulfur compound concentration in 
5 the adsorption effluent and regeneration effluent respectively, of an adsorbent bed containing regenerable. 
physical adsort^ent. Applicants recognized that there were defined regions within the overall adsorption 
cycle which suggested that the conventional means of running the adsorber on the adsorption and 
regeneration modes might advantageously be changed. By integrating these primary physical adsortDent 
beds with auxiliary sorbent beds which utilize chemisorijents. Appficants have discovered tfiat they can 
10 actually take advantage of tiie defined regions that tiiey were able to recognize in the cycle plots and arrive 
at tfie present invention. 

In general, ttie integrated process of the present Invention comprises passing a fluid stream containing 
sulfur compound impurities through a primary adsortjent bed containing an adsorbent capable of physically 
adsorbing the sulfur compound impurities which adsorbent bed is In ttie adsorption mode, and witfidrawing 
15 an adsorption effluent substantially free of sulfur compound Impurities. A portion of ttiis adsorption effluent 
or some otiier suitable gas, Is desirably heated and used as a regeneration medium to regenerate another 
primary adsorption bed containing sulfur compound-laden adsortjent which is in ttie desorption mode. 

The regeneration effluent leaving tiie adsortDent bed undergoing regeneration is allowed to leave ttie 
overall process and is utilized as fiiei, flared, or the like. 
20 This flow scheme continues until ttie sulfur compound concentration wltfiin tiie regeneration effluent 
progressively increases to a maximum peak value and tfien progressively decreases to a substantially 
constant value. At this point in the cycle, the regeneration effluent Is now recovered by passing it to an 
auxcfiary sortDer containing chemlsort^ent which is selective for tiie sorption of sulfur compounds which may 
still be present In tfiis regeneration effluent A treated regeneration effluent is provided which is substantially 
25 free of sulfur compounds. This treated regeneration effluent may then be combined witii ttie adsorption 
effluent 

This second phase of tfie cycle is continued until tiiere begins to be a breaktfirough of sulfur 
compounds in ttie adsorption effluent At tills time, ttie ttiird phase of ttie cycle begins In which ttie 
adsorption effluent now containing a predetermined concentration of sulfur compounds which is advanta- 

30 geousiy higher tiian that required to be in ttie ultimate product is introduced Into ttie auxiliary sorber so as 
to produce a product stream substantially free of sulfur compounds. At the same time, once ttiis ttiird phase 
of ttie cycle begins, tiie portion of ttie adsorption effluent entering tiie primary adsorber in tiie regeneration 
mode, or tfie other suitable gas used as a regeneration medium. Is no longer heated so as to cool ttiis bed 
In pr^)aration for its subsequent adsorption mode. The adsorption cycle is complete when the amount of 

35 sulfur compound concenfration within the adsorption effluent exceeds a predetermined value. 

As a result of ttiis integration of the primary and auxiliary sortMirs containing ttieir respective disparate 
sorbents. one of tiie primary advantages obtained is the ability to use less of ttie physical ad$ort>ent in the 
primary adsorber ttian would ordinarily be required. Alttiough at first, ttiis reduction in ttie amount of 
adsortsent in the primary adsori:>er might not seem unusual Inasmuch as an auxiliary sort>6r Is also being 

40 utilized in the present invention, what is surprising and cleariy advantageous is that the amount of the 
reduction of such adsort^ent Inventory is much more ttian would be expected. 

Thus, by allowing sulfur compounds to break ttirough in ttie adsorit>er effluent Instead of trying to 
remove essentially all of the sulfur compounds in the primary adsorber bed. as has been frue with the prior 
art. the amount of adsorbent reduction is advantageously much greater ttian the proportional amount of 

45 reduction in sulfur loading. In other wonjs. if, for example, the sulfur load were reduced by about 20%, it 
would be expected ttiat the amount of adsorbent in the adsorber would conrespondingly be reduced by a 
similar amount In contrast however, a substantially greater reduction in adsort>ent inventory is realized, i.e.. 
the amount of adsortjent is generally reduced by about 20 to 70% depending upon ttie inlet feed conditions 
and the amount of sulfur breaktiirough allowed, with Its concomitant Increase in savings. 

50 Moreover, by reducing ttie amount of adsorbent present in the primary adsorbers, tfiere is less 
adsorl^ent that is required to be regenerated. As such, less purge gas Is required for regeneration and less 
energy is required to heat the bed being regenerated to tfie proper desorption conditions. 

Still further, the integrated process of tfie present invention also offers a novel metfiod for heating the 
chemisort)ent in the auxiliary sorbers whose sulfur compound loading capacity generally increases as its 

55 temperature is increased. Thus. In contrast to conventional techniques, the process of the present invention 
takes advantage of ttie heat ttiat is present in ttie hot regeneration effluent and effectively and advanta- 
geously utilizes this heat to raise ttie temperature of tfie chemisorisent in the auxiliary soriber thereby greatiy 
decreasing the energy requirements that would otfienwise have to be supplied for such a heating step. 
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Of course, by realizing that the sulfur compound peak appears early In the regeneration effluent dunng 
the regeneration cycle and recovering the regeneration effluent once this peak has passed, yet an additional 
advantage is obtained which is in contrast to the prior art wherein none of the regeneration effluent is 
recovered and utilized as product etreann. 

5 still further, by combining the sulfur removal effects of the physical adsorbent contained within the 
primary adsorber and the chemisort>ent contained within the auxiliary sortDer, and integrating these two 
types of sorbers in the manner discussed herein, a greater product purity is able to be obtained than is 
generally possible when using the physical adsort>ent abne. 

Finally, and perhaps most importantly, the overall Integrated process generally provides a more 

70 attractive economical system when considering such factors as operating costs and Initial capital installation 
costs for the treatment of a particular fluid stream as contrasted to the use of either of the sort>ents 
contained within the primary or auxiliary sorbers alone for the treatment of the same fluid strisams and, in 
general, is even more economically attractive tiian tfie use of an amine scrubt>lng solution particularly when 
the cost for subsequentiy removing mercaptans are also included. 

15 The present Invention provides for a unique, simple and elegant mettiod for removing sulfur compounds 
from a fluid streams in a most economical and efficient manner. 



BRIEF DESCRIPTION OF THE DRAWINGS 

20 

Figure 1 is a graph which sets forth curves of hydrogen sulfide concentration in tiie regeneration 
effluent and in the adsorption effluent, respectively, as a function of cycle time, and a curve of the 
regeneration effluent temperature as a function of cycle time for a typical adsorption cyde in an adsori3er 
25 containing a physical adsorbent 

Figure 2, which comprises Rgures 2A, 2B, 2C. and 2C'. shows a series of schematic flow sheets 
showing the flow of the fluid stream as it is being treated In one embodiment of the integrated process of 
the present Invention during the various phases thereof. Rgure 2G' is an alternative embodiment of Figure 
2a 

30 Rgure 3 is a graph showing the effect of hydrogen sulfide concentration in the effluent leaving an 

adsorbent bed (the amount of breaktiirough) for a particular feedstream composition and inlet conditions on 
the overall capital cost of an integrated molecular sieve/zinc oxide system of the present invention. 

Rgure 4 is a graph showing the effect of hydrogen sulfide breakthrough from the primary adsorber 
for a particular feedstream composition and inlet conditions on the amount of regeneration gas required for 

3S regenerating the ad$ort>ent beds in an integrated molecular sieve/zinc oxide system of the present 
invention. 

Rgure 5 is a graph showing the effect of hydrogren sulfide breakthrough on the overall energy 
requirements of an integrated molecular sleve/^nc oxide system of the present invention for a particular 
feedstream composition and inlet conditions. 
40 Rgure 6 Is a graph showing the effect of hydrogen sulfide breakthrough on tiie amount of 

regeneration gas that is to be flared in an integrated molecular sieve/zinc oxide system of the present 
invention for a particular feedstream composition and inlet conditions. 



45 DETAILED DESCRIPTION OF THE INVEriTION 



Refening to Rgure 1, a number of curves are shown for a conventional adsorption cycle in which 140 
million standard cubic feet per day (hereinafter "MMSCFD") of natural gas are treated in an adsorption bed 

60 containing zeolite molecular sieve selective for the removal of sulfur compounds, particularly hydrogen 
sulfide in this exemplary case. The feed is introduced to the adsorber at 100* F and at a pressure of 1150 
psig having an inlet hydrogen sulfide concentration of about 150-190 parts per million on a volume basis 
(hereinafter "PPMV**). As is shown, the time for a complete cycle of the adsorption process Is 300 minutes. 
As the natural gas flows through a newly regenerated k>ed from a previous cycle, an adsorption front of 

65 hydrogen sulfide Is established at the inlet end of the adsorber. As adsorption continues, tills front moves 
progressively towards the outiet end of the adsorber. As is seen from curve B, which shows tiie amount of 
hydrogen sultide present in tiie adsorption effluent, it is generally not until the latter part of the cycle is 
reached, that hydrogen sulfide begins to break tfirough the outlet end of the adsorber. In this case, in which 
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a 300 minute cycle is utilized, essentially no hydrogen sulfide appears m the adsorption effluent until about 
200 minutes have elapsed into the cycle. Hence, about the first two thirds of the adsorption cyde produces 
an adsorption effluent with substantially no hydrogen sulfide present It is only In the final third of the cycle 
that hydrogen sulfide begins to appear in the adsorption effluent and continues until ttie final pre- 
5 determined hydrogen sulfide concentration is reached, here 10 ppmv, at which point the cyde is ended and 
the bed is put on a regeneration mode. 

Tuming to ttie regeneration of tills now impurity-laden bed, cun^ A plots the amount of hydrogen 
sulfide appearing in tiie regeneration effluent as a function of cycle time. It is seen tfiat tiie hydrogen sulfide 
concentration peaks very early In the regeneration cycle and then progressively decreases to a substantially 
10 constant level of less than about 20 ppmv for tiie remaining time of the cycle. Hence, essentially only ttie 
first ttiird of the regeneration cyde contains a high concentration of hydrogen sulfide In the regeneration 
effluent The remaining two ttiirds of tiie cyde contains a substantially lower level of hydrogen sulfide. 

As is well icnown to those skilled in the art, the regeneration of a physical adsortjent such as crystalline 
zeolitic molecular sieve material, generally requires such regeneration to be carried out at elevated 
fs temperature. In contrast, In tfie adsorption mode, tiie maximum sulfide toading capadty is obtained at lower 
temperatures. Accordingly, during regeneration, as noted by curve C which sets fortii tfie temperature of the 
regeneration effluent leaving the adsorber during ttie regeneration mode as a function of cycle time, it is 
seen tiiat tfte bed quickly reaches its desired regeneration temperature of about 500* F and remains at tiiat 
temperature for tfie desired period of time at which pdnt cooling begins for tiie subsequent adsorption 
20 mode. Orice coofing begins, it qufddy brings tfie temperature of tfie bed back to tfie desired temperature of 
about 120 F. 

By virtue of tfie present invention. Applicants have effectively utilized ttiese phenomena tfiat are 
occurring during an adsorption cycle to produce an integrated process taking advantage of tfie fact tfiat 
there are periods witfiin tfie cycle In which tfie hydrogen sulfide concentration in eitiier tiie regeneration 

25 effluent or adsorption effluent is substantially tower than at otfier times. This effective utilization of these 
periods of low sulfide concentration in conjunction with ttie appreciation and recognition tiiat a significant 
decrease in tfie amount of adsortsent inventory of a bed containing a physical adsorbent can be realized if 
the toad is sfightiy decreased, has resulted in tfie integrated process of tfie present Invention wherein ttie 
cycto is essentially divided Into three phases. 

30 Reference is now made to Rgure 2, in whteh It is shown how the present invention divides the typical 
adsorption cycle into tfiree phases and integrates ttie physical adsorbent bed witti an auxiliary chemisortwnt 
t>ed to provide tfie integrated process of the present invention in one embodiment tfiereot It is noted tfiat 
the same reference numerals have been used throughout the Rgures to designate the same etoments. 

In Rgure 2A, a fluid feed stream is introduced via line 10 into primary adsort^er 100 which contains a 

35 physical adsorbent selective for the adsort^ent of sulfur compounds within the fluid stream. Adsorption 
effluent leaving in line 20 is substarttiaily free of such sulfur compounds. 

In the prefenred embodiment shown in Rgure 2A. about 5 to 30%, preferably about 10 to 20% of the 
adsorption effluent leaving adsorber 100 is diverted from line 20 to fine 30 and utifized as a regeneration 
medium for primary adsorber 110 which is in a regeneration mode. Adsori^er 110 also contains physical 

40 adsorbent which is now laden witii sulfur compounds from a previous adsorption cycle, inasmuch as the 
regeneration of ttie adsortjent In primary adsorber 110 favors an elevated temperature, it Is desirabto to heat 
the adsorbent contained therein in any conventional manner. Preferably, as shown in Rgure 2A, tfie side 
stream of adsorption effluent In line 30 is heated in a furnace 140 prior to its being introduced via line 35 
into adsorber 110. The regeneration effluent leaves through line 40 and inasmuch as tfie sulfur compound 

45 concentration in ttiis first part of ttie cycle Is very high, as noted in curve A of Rgure 1 discussed above, 
tfiis portion of ttie regeneration effluent Is allowed to toave this purification system and used eitiier as a fuel, 
flared, or the like, as is conventional. The adsorption effluent In line 20, as noted stoave, is substantially free 
of sulfur compounds and provides the required product stream. 

It is noted that the use of the adsorption effluent as the regeneration medium for another bed Is not 

50 required In ttie present invention. Indeed, any externally supplied suitable material may be used as ttie 
regeneration medium in this phase of the cycle provided tfiat it Is capable of removing tfie sulfur Impurities 
from the sulfur-laden t>e6 without toading the bed wltti still otiier impurities and it is substantially inert to 
t>otti the adsorbent material and ttie fluid feed stiream material. Suitable materials which may t)e utilized as 
the regeneration medium Include, but are not limited to, inert gases such as nitrogen, argon; fuel-type gases 

55 such as natural gas; hydrogen; or a residue gas of natural gas which has had Its sulfur impurities and heavy 
hydrocarbons removed; and the like. 

Inasmuch as one of the ot^ectives of the present invention is to recover as much regeneration effluent 
as possible and ultimately use such recovered effluent as product, the use of an extemally provided 
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regeneration medium which Is not compatible with the product stream is generally limited to only the first 
phase of the cycle, as shown in Rgure 2A. The regeneration effluent in this first phase contains a very high 
amount of sulfur compounds and is removed from the system in any event, whether adsorption effluent is 
used as the regeneration medium or whether some other material is used, such as nitrogen. Once the 

5 regeneration effluent Is no longer removed from the system and is Instead recovered, as is shown in Rgure 
2B, which will be discussed more fully below, the regeneration medium should then desirably be provided 
from a stream within the purification system itself. Of course, if, for example, natural gas were being treated 
for the removal of sulfur impurities, the regeneration medium could be provided from an extemai source 
throughout the entire cycle if it were to comprise natural gas or a residue gas as defined above since such 

10 material would naturally be compatible with the final product. 

Turning back to Rgure 2A, it is noted that if the cyde were to be continued in the manner shown in 
Rgure 2A, it would amount to a conventional adsorption/regeneration cycle in which adsorption effluent 
would continuously be recovered from adsorber 100 as a product stream and regeneration effluent from 
adsort^er 110 would continuously be removed from the system throughout the entire cycle, thereby 

15 disadvantageously losing product yield. But that is where the similarity l3etween the prior art and the 
present invention ends, as will be shown below. 

Still refening to Rgure 2A, vessel 120 is an auxiliary sortDer containing chemisorbent which as 
discussed above, generally has a better sulfide loading at elevated temperatures. Accordingly, since the 
adsorption effluent is substantially free of sulfide compounds, it is not necessary to pass this effluent 

20 through auxiliary bed 120 for further sulfur compound removal. As such, the relatively low temperature 
adsorption effluent advantageously does not undesirably cool the sort>ent contained within auxiliary bed 
120. However, it is understood that the adsorption effluent may nevertheless be passed through the 
auxiliary bed. if it is so desired, if the resulting temperature in the auxiliary bed Is acceptable or if some 
other means is provided (not shown) to subsequently or simultaneously heat the bed to a higher 

ss temperature. 

Thus, as an alternative embodiment of the present invention, which is not shown in Rgure 2A. the hot 
regeneration effluent leaving primary adsorber 110 at line 40 can be indirectly heat exchanged with the 
much cooler adsorption effluent contained in line 20 which heated adsorption effluent could then indeed be 
desirably passed through auxiliary sotber 120 in order to heat the soHbent contained therein. Moreover, if 

so desired, an extemai heat source may also be provided (not shown) to the heat adsorption effluent in line 33 
for subsequent passage into auxiliary sort)er 120. 

in yet another embodiment of the present invention, also not shown In Rgure 2A, It is also possible to 
heat the adsorption effluent in line 30 by indirect heat exchange with the hotter regeneration effluent leaving 
in line 40 prior to the adsorption effluent stream entering fumace 140 thereby decreasing the heating costs 

35 associated with operating fumace 140. 

When the sulfur compound concentration within the regeneration effluent progressively Increases to a 
maximum value and then progressively decreases to a substantially lower value, the second phase of the 
cyde begins as illustrated in Rgure 28. 

Essentially the only difference between the flow scheme of Rgure 2A and Rgure 28 is the passing of 

40 the regeneration effluent tfirough auxiliary sorber 120. Thus, in contrast to the prior art from this point on In 
the adsorption cycle of the present invention, the regeneration effluent leaving primary adsorber 110 is 
recovered by passing this regeneration effluent through the auxiliary sorber in which sulfur compounds 
contained within tfie regeneration effluent are removed. Since the major portion of the hydrogen sulfide or 
other sulfur impurity such as mercaptans contained within primary adsorber 110 have already been 

45 removed in the first phase of this cyclel as noted by curve A of Rgure 1. the remaining sulfur compounds 
present In the regeneration effluent after this sulfur compound peak has passed, can easily be accom- 
modated on an economical and efficient manner with auxiliary bed 120 from which a treated regeneration 
effluent emerges in line 50 and desirably combines with the adsorption effluent in line 33 to form the 
product stream in line 60. 

60 As noted earlier, the adsorption effluent, either in whole or in part, need not be the regeneration medium 
that Is used to regenerate sulfur-laden adsort>ent bed 110. While externally provided sources may be used 
as a regeneration medium, as discussed above, such an externally provided regeneration medium should 
generally not be employed once ttie second phase of the cycle begins in which the regeneration effluent is 
recovered and used as product, unless the externally provided regeneration medium is compatible and 

55 acceptably combined with the product stream. 

Accordingly, In lieu of such an externally provided regeneration medium, tiie fluid feed stream from line 
10 and/or the product stream In line 60 may t>e used in whole or In part with or without the adsorption 
effluent as a regeneration medium for regenerating primary adsort>6r 110. Any of these streams are 
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perfectly suitable for euch regeneration. 

Moreover, as in Rgure 2A discussed above, while the adsorption effluent In line 33 Is shown In Figure 
2B as by-passing auxiliary sorter 120 since the adsorption effluent is still substantially free of sulfide 
compounds, if desired, it may be passed through auxiliary sorber 120. 
5 This second phase of the adsorption cyde continues until the adsorption front contained wittiln primary 
adsorber 100 progressively moves toward the outlet end thereof and finally breaks through at which time an 
increase in sulfur compound concentration appears in the adsorption effluent The third and final phase of 
the cycle is then implemented which is shown in the embodiment of Rgure 2C- 

The flow scheme in Rgure 2C is different from that shown in Rgure 2B In essentially two respects. 

10 Rrstly, the adsorption effluent now containing sulfur compounds In an amount greater than that required in 
the product is passed through auxiliary sorber 120 >^a lines 33 and 42 to remove these sulfur compounds. 
So too. in the emtmliment shown in Rgure 2C In which the adsorption effluent Is used as the regeneration 
medium, heating of the portion of the adsorption effluent entering adsori>er 110 for regeneration purposes is 
also discontinued by shutting off furnace 140, In this manner, the temperature of tiie adsorbent contained 

fs wittiin adsort^er 110 is advantageously cooled In advance of Its being put onto an adsorption mode. Of 
course, such cooling of adsorber 110 would be required regardless of tiie source of tfie regeneration 
medium and any heating of such a regeneration medium other than adsorption effluent would ^mllarly 
cease in this third phase of the cycle. 

In this third phase of the cycle, regeneration effluent still continues to be recovered and treated by 

20 being introduced into an auxifiary sodber. In the embodiment shown In Rgure 20. the same auxiliary sorber 
is used to treat both the adsorption effluent and the regeneration effluent However, a plurality of such 
sorbers may be employed either in series or In parallel including extra scrips to allow for replacement of 
used sorf)ent Similarly, although only one primary adsorber Is depicted in Rgure 2 as being on ttie 
adsorption mode and one on the regeneration mode, respectively, it is well known to those skilled in the art 

25 that a plurality of such adsort>ers may be employed in a manner which Is conventional In tiie art 

A product stream being substantially free of sulfur compounds comprising the treated adsorption 
effluent and tiie treated regeneration effluent is then obtained. 

In the emt»diment shown in Rgure 20. by combining the regeneration effluent with the sut)stantia!ly 
colder adsorption effluent in fine 42, the temperature of the comt)ined stream entering auxiliary sort>er 120 

30 may be low enough such that it undesirably cools the sortsent in auxiliary sorber 120. Accordingly, if 
desired, it may be advantageous to utilize an indirect heat exchanger (not shown) as a furtfier embodiment 
of this invention In order to heat the combined stream prior to Its entering auxiliary sort>er 120. 

The third phase of the cycle is complete and adsorption ends when the sulfur compound concentration 
in the adsorption effluent reaches a pre-determined value, such as 10 ppmv shown in Rgure 1. 

35 As yet a further embodiment of the present invention, because the product stream leaving the auxiliary 
sorber 120 is sub^antially devoid of sulfide compounds and since product spedtications usually allow for 
some sulfur compounds to be present in the product streams, say 5 ppmv, it is possible if desired, to by- 
pass a portion of the adsorption effluent in line 33 around the au)dliary sort>er 120 via dotted line 70 and 
combine tilts effluent wttii tiie product in line 60. The combination of tiie effluent having a sulfide 

40 concentration of say 10 ppmv with tfie product stream having 0 ppmv of sulfide would result in the required 
product specification of 5 ppmv. Of course, depending upon ttie actual amount of sulfur compounds 
contained within the adsorption effluent and the actual required product specification, one skilled in the art 
can readily vary the proportions of tiie effluent and product streams in order to arrive at a particular final 
average which should equal tfie product specification for the amount of sulfur compounds allowed. The 

45 advantage of by-passing ^ome adsorption effluent past the auxiliary sorber is to reduce the sulfur loading 
on this bed and consequentiy increase its operating life. 

Referring now to Rgure 2C'. a further alternative embodiment for the third phase of the cyde is shown. 
Here, the feedstock enters tiirough line 10' and is spilt Into lines 12' and 14' to enter primary adsort>ers 100 
and 110. respectively. In tills embodiment a portion of the feedstock is introduced to adsort)er 110 at tiie 

50 inlet thereof instead of introdudng regeneration medium at the outlet end as in the emt^odiment shown In 
Rgure 20. in this manner, altiiough the adsort)ent contained within adsortier 110 has not yet been cooled to 
be strfctiy speaking on the adsorption mode. It nevertheless is employed on a somewhat semi-adsorption 
mode in which cooling Is provided by the entering feedstock whfch progressively ^lows for additional 
adsorption capability as cooling continues by the introduction of the relatively cooler feedstock Into adsorber 

55 110. Moreover, since only a portion of the feedstock is entering adsortiers 100 and 110, respectively, the 
amount of sulfide load per bed is considerably lower. This is one of the advantages of this alternative 
embodiment l.e.. the adsorption effluents leaving adsorbers 100 and 110 at lines Is' and 18', respectively, 
have considerably lesser amount of sulfur compound concentration tiian the adsorption effluent of the 
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embodiment shown in Rgure 2C. In this manner, less loading is also required In auxiliary sorber 120. 

The adsorption effluents leaving adsorbers 100 and 110 can then individually and separately be treated 
by one or more iiuxiliary sorbers or, as shown In Rgure 2C', can be combined and passed via line 20' to 
auxiliary sorber 120 and be recovered as a product stream containing a purified fluid stream In line 22. 

5 The fluid stream that Is suitably treated In the process of the present invention Is not critical with 
respect to' its origin, its constituent molecular species or its relative proportions of those molecular species 
within the feedstodc. Thus, the fluid stream may be a hydrocartxsn stream resulting from the destructive 
hydrogenation of coal or it may be obtained from deposits of natural gas or petroleum. Sulfur-containing 
condensates from natural gas, Le., the LPG compositions rich In propane and butanes, are also well suited 

10 to the prejsent process as are natural gasolines and relatively light petroleum fractions boiling between 
about •44* to about 180* F which are mostly comprised of C3 to Ce hydrocarbons. Moreover, liquid or 
liquifiable olefin or olefin-containing streams, such as those used in allcylation processes, containing 
propylene butytene. amylene. and the like, are also suitably employed. The preferred feedstock for 
treatment In accordance with the present Invention Is, however, a sour natural gas. 

75 Generally, the sulfur compound impurities present In these feed streams comprises at least one but 
^ ordinarily a mixture of two or more of hydrogen sulfide, the mercaptans such as ethyl mercaptan» n-propyl 
mercaptan, isopropyl mercaptan, n*butyl mercaptan, Isobutyl mercaptan, t-butyl mercaptan, and the 
isomeric forms of amyl and hexyl mercaptan, the heterocyclic sulfur compounds such as thk)phene and 1 ,2- 
dithiof, and aromatic mercaptans exemplified by phenyl mercaptan. organic sulfides generally and carbonyl 

20 sulfide, and the like. 

The physical adsort^ent employed in the primary adsorbers of the present invention are adsorbents 
which are regenerable and which are applicable for selectively adsorbing the above noted sulfur compound 
Impurities from a fluid stream by means of a physical adsorption process in contrast to a chemical reactbn. 
Suitable physical adsort»ents include, but are not limited to. crystalline zeolite molecular sieves, .carbon- 
25 based adsorisents, silica gel. activated alumina, and the like. ^ 

The physical adsorbents which are partlculariy suitable in the process of this invention are the 
crystalline zeolite molecular sieves. 

The term "zeolite", in general, refers to a group of naturally occurring and synthetic hydrated metal 
aluminO'Silicates. many of which are crystal in structure. There are, however, significant differences between 
so the various synthetic and natural materials in chemical composition, crystal structure and physical prop- 
erties such as x-ray powder diffraction pattems. 

The stmcture of the crystalline zeolite molecular sieves may be described as an open threes 
dimensional frame woric of SiO^ and AIO4 tetrahedra. These zeolHes are activated by driving off substan- 
tially all of the water, of hydration. The space remaining in the crystals after activation is available for 
ss adsorption of at)Sorbate molecules. This space is then available for adsorption of molecules having a size, 
shape and energy which permits entry of the adsorbate molecules to the pores of the molecular sieves. 

Molecular sieves having pores with an apparent minimum dimension of at least 3.8 angstrom units have 
been found satisfactory when the sulfur compound Impurity which is to be adsorbed Is hydrogen sulfide. 
For normal mercaptans having less than seven caxbon atoms, the apparent pore size should be at least 
40 about 4.6 angstrom units. The sulfur compounds of larger molecular dimensions such as isopropyl 
mercaptan, isobutyl mercaptan. t-butyl mercaptan, the Isomeric form of amyl and hexyl mercaptan. and the 
heterocyclic sulfur compounds exemplified by thiophene as well as the aromatic mercaptans exemplified by 
phenyl mercaptan require the use of a zeolltic molecular sieve having apparent pore openings of at least 
about 6 angstrom units. 

45 The term "apparent pore size" as used herein may t>e defined as the maximum critical dimension of 
the molecular species which is adsort>ed by the zeolitic molecular sieve in question under normal 
conditions. The apparent pore size will always be larger than the effective pore diameter, which may be 
defined as the free diameter of the appropriate silicate ring in the zeolite structure. 

Among the naturally occurring zeolitic molecular sieves suitable for use in the present Invention Include 
50 mordenite and chabazlte, both having an apparent pore size of about 4 angstrom units, erionite having an 
apparent pore size of at)Out 5 angstrom units, and faujasite having a pore size of about 10 angstroms. 

The preferred synthetic crystalline zeolitic molecular sieves includes zeolites A, X, Y and L. each of 
which have a pore size of about 3 to 10 angstroms and which are all well known to those skilled In the art. 
Reference Is made to U.S. Patent No. 3,620.969 which discusses these zeolites. Most preferred are zeolites 
55 4A, 5A, and zeolite 13X, alone or In combination with each other. 

The pore size of the zeolitic molecular sieves may be varied by employing different metal cations. For 
example, sodium zeolite A (U.S. Patent No. 2,882,243) has an apparent pore size of about 4 angstrom units, 
whereas calcium zeolite A has an apparent pore size of about 5 angstrom units. 
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The zeolites occur as agglomerates of fine crystals or are synthesized as fine powders and are 
preferably tableted or pelletized for large scale adsorption uses. Pelletizing methods are known which are 
very satisfactory because the sorptive character of the zeolite, both with regard to selectivity and capacity, 
remains essentially unchanged. Many suitable Inert binder materials or compositions are well knovwi In the 
5 art Including clays, refractory metal oxides and alkali metal silicates, if it is desired to utilize tiie adsorbents 
in agglomerated form. In general, the individual molecular sieve crystals are quite small (of the order of 10 
microns) and hence In fixed bed operation, at least it Is advantageous to agglomerate the crystals Into 
beads, pellets, extrudate forms, etc,, either with or without added binder material. 

Generally, the conditions for adsorption utiHzing tiie molecular sieves include a temperature in tfie range 
10 irotn about 32* to about 200* F, and more preferably a temperature In the range from about 50* to about 
140* F at a pressure of .1 to 4000 psig and more preferably 10 to 2000 psig. f=br desorption. it Is desirable 
to maintain the adsorbent undergoing regeneration at a temperature of from about 300* to about 700* F, 
more preferably about 450* to about 600* F. at the same pressure range noted for adsorption. 

Activated alumina is a porous fomi of aluminum oxide of high surface area. It is capable of selective 
IS physical adsorption In many applications and is chemically Inert to most gases and vapors, non toxic and 
wll not soften, swell or disintegrate when Immersed In water. High resistance to shock and abrasion are two 
of Its important physical ctiaracteristics. The adsort>ed material may be driven from the activated alumina 
by suitable choice of reactivating temperature, tiius retumfng it to its original adsorptive form. 

Activated aluminum may be reactivated to its original adsorptive efficiency by employing a heating 
20 medium at any temperature between 250* F and 600* F. For thorough regeneration, tfie temperature of the 
regenerating gas on tiie exit side of the bed should reach at least 350* F. 

Silica gel is a granular, amorphous form of silica, made from sodium silicate and sulfuric acid. Silica get 
has an almost infinite number of sub-microscopic pores or capillaries by which it can act as a selective 
adscript depending upon tiie polarity and molecular size of tfie constituente wlttiin the fluid feed stream 
25 that Is being treated. 

The use of these physical adsort^ents as well as adsori^ents such as activated carbon, and the like, are 
well known to those skilled in the art and their selection, operating conditions and regenerating conditions 
are easily ascertainable to those skilled in the art 

The sort>ents that are suitable for use In the auxiliary soriDers of the present invention are preferably 

30 chemisort)ents which chemically react vwth the sulfur compounds rather than merely physically adsorbing 
Uiem as do the physical adsorbents discussed above. Generally, tiiese materials are not readily regenerable 
and must toe discarded and replenished when they are laden with the sulfur compound materials. Ob^^ously, 
these chemisortients must be able to also selectively remove sulfur compound impurities from the fluid 
streams such as those described above. 

35 Suitable chemisort^ents that are applicable in the present invention include, but are certainly not limited 
to. zinc oxide; iron sponge; caustidzed alumina; Impregnated carbon, such as carbon impregnated with 
iodine or metallic cations; as well as zeolite A zeolite X or zeolite Y, all of which have been ion exchanged 
with either zinc, copper or Iron cations; chelating compounds such as metal complexes and the like; and 
suitable liquid treating solutions capable of selectively removing sulfur compound impurities such as Merox 

40 (distiibuted by UOP, Oes Plaines. lit); and the like. 

Preferably, zinc oxide is utilized as the sort^ent In the auxiliary sorber. 

The determination of the size of the primary and auxiliary beds that are employed for a given fluid 
feedstock at a particular set of conditions involves a balancing of capital costs, operating costs, regeneration 
requirements and recovery, gains in sorbent inventory reduction, and ttie like, In order to arrive at an overall 
45 cost for a particular system and a further determination as to whetiier the optimized combination has been 
obtained. 

Generally, as noted above, even a slight decrease in the loading requirements of the primary adsorber 
will result in a large reduction In adsorbent Inventory. This is vividly demonstrated below In Table I in which 
the % reduction in the amount of molecular sieve required to remove hydrogen sulfide from a feed stream 
50 of natural gas at a variety of different storting hydrogen sulfide concentrations and at different inlet 
pressures is set forth when going from the case in which the molecular sieve adsorbent is expected to 
reduce the sulfide concentration to 1 ppmv. as may be required by the prior art, to the embodiment of the 
present invention in which the sulfide is allowed to break tiirough the primary adsort^r to the extent of 5 
ppmv. which will ultimately be removed by an auxiliary sori^er containing 300 cubic feet of zinc oxide. 

55 
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TABLE I 



10 



18 



MOLECULAR SIEVE BED SIZE COMPARISONS 




H2S in. Feed 


Feed 


% Reduction in Amount of 




(ppmv) 


Pressure 


MS Needed at 5 ppmv 






(psig) 




1) 


20 


1000 


27 


2) 


50 


1000 


14 


3) 


100 


1000 


9 


4) 


1000 


1000 


2 


5) 


10 


500 


73 


6) 


20 


500 


40 


7) 


50 


500 


11 


8) 


100 


500 


9 


9) 


1000 


500 


4 



As Is clearly seen, depending upon tlie inlet conditions of the feed stream, it is not uncommon to be 

20 able to realize reductions in the molecular sieve inventory of as much as 50 to 75 percent. 

Generally, for a given breakthrough of sulfide compounds from the primary adsorbent bed. as the feed 
pressure increases, and/or as the temperature of the feed decreases, and/or as the amount of the sulfur 
compounds within the feed stream decreases, the less molecular sieve that is required. However, it Is not 
always feasible or even desirable to alter any of these feed inlet conditions. 

25 Thus, the quantity of sulfur compounds contained within the feed stream clearly cannot be rhodified 
prior to Its Introduction into the system for it is the purpose of this very process to reduce that sulfur 
concentration. So too, it would also be economically unsound to Increase the pressure of such a feed 
stream prior to its entering the adsorption bed merely to reduce the quantity of adsort>ent that Is required If 
the energy and capital costs to compress such gas would exceed the cost of adsorbent saved. 

30 As to the temperature of the feed stream. It is generally desirable to cool this stream if Its temperature 
Is greater than about 130*F, preferably greater than about 150* F. and more preferably when the 
temperature is greater than about 175*F. The economic savings realized by utilizing less adsorbent offsets 
the energy costs associated with such cooling. Generally, the feed stream is cooled to a temperature In the 
range of from about 90* to 110* F, preferably about 100* F, 

S5 The one variable which can, however, clearly be controlled by tfie process of the present Invention and 
which has a material effect upon the overall costs of the system Is the amount of sulfur compound 
breakthrough allowed to occur in the primary adsort^er. 

In particular, once a particular brealdhrough is chosen, the amount of sorbent required in the auxiliary 
bed to provide a given operating life before replacement is necessary Is determined based on design 

40 considerations well knowri to those skilled In the art Similarly, based upon design considerations well 
known to those skilled in the art. once the inlet and outlet conditions for the primary adsorber are also 
known, it is a simple matter to determine the amount of adsorbent needed to provide the chosen sulfide 
concentration breaktfirough In the adsorption effluent. This InWai detenmination, however, may not be the 
most optimized design although the amount of physical adsoribent may have nevertheless been reduced. 

45 The optimum fine tuning of this design will depend upon the overall costs Involved for a particular system 
including the initial capital costs and continuing operating costs for a given period of time. This Is clearly 
demonstrated in Table II below. 
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TABLE II 





ISTS OF DIFFERENT SULFIDE REMOVAL SYSTEMS 


FEED: 


Natural Gas 












900 MMSCFD 












ri2^ — 2d ppmv 












CQ2 = 1.0% 












MS 


MS ^ ZnO 


V^|Jll m IZQu 


£JnvJ 


UcR* 50% 








IViO ~ ^11 w 




oULN 


INITIAL CHARGE 


















OOU(o) 














7o11 




REQEN. GAS REQ'D 












MMSCFD 


126 


45 


25 




— 


UTILITY COSTS 












mO IVUvTrl 




340 


180 


0 


0 




U 


780 


520 


7611 


0 


ricUiClN, DiU, M$/YH 


1080 


798 


400 


0 


0 


^nv^ r^tD Pf=lEHEAT, M$/YR 


0 


0 


0 


3234 


0 


REGEN. DEA. 


500 


250 


0 


0 


2618 


TOTAL M$/YR 


2039 


2168 


1100 


10845 


2618 


SAVINGS2. M$/YR 


939 


1068 




9745 


1518 


CAPITAL COSTS 












MS. MM $ 


11.4 


9.6 


5.6 






ZnO. MM $ 




3.3 


3.5 


5.0 




REGEN. DEA. MM $ 


2.0 


1.4 








OEA.MM$ 










8.2 


TOTAL MM $ 


13.4 


14.3 


9.1 


5.0 


8.2 



35 * DEA « diethanolamine 

Assumptions made: 1. H2S loading In ZnO is equal to 12 lbs H2S/ft3 ZnO. 
2. 1ft3 ZnO = $175.00; ZnO IHe « 6 months 

3. MS life » 2 yrs 

4. Sa'MM BTU for MS regen. treatment 



40 5. MS cost = $1 .75/!b- 

2 Relative savings vvhen u^ng optimized MS + ZnO system as compared to system being 
considered. 



As is clearly seen, although the "MS + ZnO" example Is quite advantageous over the MS. ZnO or DEA 
systems alone, an optimized combination of MS and ZnO could still be designed which provides wen more 
dramatic results. 

The most easily controlled optimization variable for obtaining the most cost effectiveness In the 
integrated system of the present invention is ttie amount of sulfur compound breakthrough from the primary 
adsort)er. 

Applicants have determined that for an inlet feed stream pressure of from about 0,1 to about 4000 psi, a 
temperature in tiie range of from about 32* to about 700* F, and a sulfur compound concentration in tiie 
feed stream of about 1 to about 5000 ppmv. ttie capital cost of the Integrated system will economically be 
optimized if tfie sulfur compound breaktiirough Is in the range of from about 1 to 10 ppmv, preferably from 
about 1 to about 6 ppmv, and most preferably from about 2 to 5 ppmv. 

This is demonstrated in Table ill below In which a number of runs were made using the same feed 
stream composition and inlet conditions as noted tfierein for various hydrogen sulfide breaktiiroughs of from 
1.0 to 18.0 ppmv. 
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TABLE III 





NATURAL GAS DESULFURIZATION 


5 
10 


FEED: 


Natural Gas 
Row Rate: 
Pressure: 
Temperature: 
H20: 

H2S: 

Product Spec: 


100 mmscfd 
1000 psig 
90* F 
Safdat 
Flowing 
Condition 
20 ppmv 
0.1 ppmv H2S 










f O 


M.S7Znd System 




B.T. MS BED 
(ppmv H2S) 
CYCLE TIME 
(hrs) 


1i) 
8 


2.0 
8 


5.0 
8 


10.0 
8 


15.0 
8 


lao 

8 


20 


ADSORBENT 
INVENTORY 
















MS, lbs (bed) 
ZnOJbs (bed) 


119.400(2) 
1.610(2) 


111.6(XK2) 
3^0(2) 


8.060(2) 


87800f2) 
16.130(2) 


85^00/2) 
24.190(2) 


29.020(2) 


25 


REGEN GAS 
(MMSCFD) 














30 


Required * 
Rared or 
Treated 


.10.95 
5.48 


9.63 
4.82 


8.07 
4.03 


6.95 
3.48 


6.52 
3.26 


6.31 
3.15 




INHIAL 

CHARGE 

(M$)^ 














3$ 


MS 
ZnO 


179.10 
10.26 


167.40 
20.52 


145.80 
51.30 


131.40 
102.60 


127.80 
153.91 


126.90 
184.70 




Total 


189.36 


187.92 


197.10 


234.00 


281.71 


311.60 


40 


UTILITY 

COST 

(M$/yr.) 
















MS 
ZnO 

Energy Cost 


89.55 
10.26 
105.31 


83.70 
20.52 
93.78 


72.90 
51.30 
79.10 


65,70 
102.60 
68.73 


63.90 
153.91 
64.93 


63.45 
184.70 
3.16 


45 


Total 


205.12 


198.00 


203.30 


237.03 


282.74 


311.31 




CAPITAL 
COST (MM$) 














60 


MS 

ZnO 

Total 


1.814 
0.152 
1.966 


1.718 
0.225 
1.943 


1.554 
0.400 
1.954 


1.433 
0.610 
2.043 


1.403 
0.761 
2.164 


1.392 
0.810 
2.202 




Basis: 















*MS:$1.50/lb, 2yr.life 
55 ZnO: $175.00/cu ft. 6 month life 



Assume 1/2 of the regen gas is flared or treated 



It Is noted that while the specific results set forth in Table III and Rgures 3. 4, 5 and 6 are alt based on 
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a given set erf feed Inlet conditions of temperature, pressure, sulfide concentration and for a given product 
specification/ this data Is nevertheless indicative of the general trend off the relationships shown therein. 
Thus while a chafnge in inlet conditions or product spedfication may somewhat affect the absolute amount 
of adsortient reduction. Applicants have determined that a sulfide breakthrough In the range of from about 1 

5 to about 10 ppmv still provides the most optimum results for an inlet feedstream pressure of from about 0.1 
to about 4000 psi. a temperature in the range of up to about 700* F, and a sulfur compound concentration 
in the feedstream of about 1 to atsout 5000 ppmv, as noted eariler. 

Rgure 3 graphically sets forth the relationship of capital cost of the Integrated system as a function of 
the amount of t^reakthrough from the primary adsorber bed. The above noted optimum breaktfirough 

to concentrations are vh^diy depicted In this graph. 

While Figures 4. 5 and 6, based on the results of Table III atjove, seem to Infer tfiat the higher the 
breaktiirough, the tower the overall costs which include energy requirements, the amount of regeneration 
gas tiiat Is flared, and the amount of regeneration gas tiiat is required, the overall economic considerations 
are such that the capital cosfts of the system by far outweigh these operating costs. Consequentiy. the 

15 optimum breaktiirough concentration for obtaining tiie towest ca^al cost Is generally the ideal concentration 
for ot^taining the optimum economic benefit for the overall system as a whole. 

The optimized molecular sieve/zinc oxide system provides a substantial savings In utility costs and In 
initial capital costs as well as a dramatic decrease In tiie amount of regeneration gas that is typk^ally lost in 
prior art techniques. While tiie Individual zinc oxide system requires a lower initial Investment cost tiie 

20 much higher yearly operating costs more tiian makB up for tills initial difference In inSstallation cost 



Clafms 

25 1. In a process for the removal of sulfur compounds from a fluid stream feedstock wherein the fluid 
stream Is passed through at least one primary adsorber containing adsorbent selective lor the adsorption of 
sulfur compounds to provide an adsorption effluent containing a reduced final concentration of sulfur 
compounds, the improvement which comprises: 

(a) passing the fluid stream feedstock through the primary adsori^er to provide an adsorption effluent 
30 having a reduced first concentration of sulfur compounds, said first concentration of sulfur compounds being 

greater than said final concentration of sulfur compounds; 

(b) passing the adsorption effluent containing the said first concentration of sulfur compounds to an 
auxiliary sorbet containing soribent selective for the sorption of sulfur compounds In ttie adsorption effluent 
to provide a treated adsorption effluent containing ttie reduced final concentration of sulfur compounds. 

35 

2. The process of Claim 1, wherein tiie reduced first concentration of sulfur compounds leaving the 
primary adsort>er is in the range or firom about 1 to about 10 ppmv. 

3. The process of Claim 1, wherein tiie reduced first concentration of sulfur compounds leaving the 
primary adsorber is in the range or from about 1 to about 6 ppmv. 

40 4. The process of Claim 1. wherein the reduced first concentration of sulfur compounds leaving the 
primary adsorber is in the range or from about 2 to about 5 ppmv. 

5. The process of Claims 1, 2. 3 or 4. wherein the temperature of the fluid stream feedstock entering 
tiie primary adsorber is in the range or from about 32* to about 700* F and the pressure of the fluid stiBam 
feedstock entering the primary adsorber is in the range or from about .1 to about 4000 psi. 

45 6. The process of Claim 1. wherein tiie temperature is In the range or from about 32* to about 150* F. 

7. The process of Claim 1 . wherein tiie pressure Is in the range or from staovt 50 to about 1000 psi. 

8. The process of Claim 1. wherein the final concentration of the treated adsorption effluent leaving the 
auxiliary sorber is In the range from about 0 to about 1 ppmv. 

9. The process of Claim 1, wherein tiie adsorbent In the primary adsorber is selected from the group 
50 consisting of crystalline zeolitic molecular sieves. cartx>n«based adsort^ents. silica gell activated alumina, 

and combinations thereof. 

10. The process of Claim 9, wherein the crystalline zeolitic molecular sieve material has an apparent 
pore size of 4.6 angstrom units. 

11. The process of Claim 9, wherein the crystalline zeolitic molecular seh/e material is selected from the 
55 group consisting of zeolite 5A, zeolite 13X, zeolite 4A. and combinations thereof. 

12. The process of Claim 1, wherein ttie sort)ent in tiie auxiliary sotber Is a chemlsorbent which 
chemically reacts witti the sulfur compounds. 
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13. The process of Claim 12, wherein the sorbent In the auxiliary sorber Is selected from the group 
consisting of zinc oxide. Iron sponge, causticlzed alumina. Impregnated cartxms. chelating compoundsl and 
combinations thereof. 

14. The process of Claim 12, wherein the chemlsortient has higher sulfur compound loading at elevated 
6 temperatures. 

15. The process off Claim 12. wherein the chemisorbeht contained within the auxiliary sorber is heated 
to provide higher sulfur compound loading. 

16. The process of Claim 1, wherein the fluid stream feedstock Is In the gaseous or liquid state. 

17. The process of Claim 1. wherein the fluid stream feedstock comprises natural gas or liquified 
10 petroleum gas. 

18. The process of Claim 1, wherein the sulfur compound impurities comprise hydrogen sulfide, aikyi 
mercaptans. cartx)nyl sulfide or combinations thereof. 

19. The process of aaim 1, wherein the adsort>ent In the primary adsort>er is a crystalline zeolitic 
molecular sieve and the sorbent In the auxiliary sorber is zinc oxide. 

IS 20. The process of Claim 1. wherein the adsorbent In the primary adsort)ent is zeolite 4A, 5A. 13X or a 
combination thereof and the sorbent in the auxiliary sorber is zinc oxide. 

21. A process for the removal of sulfur compounds from a fluid stream feedstock comprising the steps 

o^. 

(a) passing the fluid stream feedstock to a primary adsorber containing adsort>ent selective for the 
20 adsorption of sulfur compounds to provide an adsorption effluent having a reduced first concentration of 

sulfur compounds; 

(b) passing the adsorption effluent containing the said first concentration of sulfur compounds to an 
auxiliary sorter containing sorbent selective for the sorption of sulfur compounds in the adsorption effluent 
to provide a treated adsorption effluent containing a reduced final concentration of sulfur compounds. 

25 

22. The process of Claim 21, wherein the reduced first concentration of sulfur compounds leaving the 
primary adsorber is in the range or from about 1 to about 10 ppmv. 

23. The process of Claim 21, wherein the reduced first concentration of sulfur compounds leaving the 
primary adsorber is in the range or from about 1 to atx)ut 6 ppmv. 

30 24. The process of Claim 21, wherein the reduced first concentration of sulfur compounds leaving the 
primary adsortjer Is in the range or from atx>ut 2 to at>out 5 ppmv. 

25, The process of Claims 21, 22. 23 or 24. wherein the temperature of the fluid stream feedstock 
entering the primary adsorber is in the range or from about 32* to about 700* F and the pressure of the 
fluid stream feedstock entering the primary adsorber is in the range or from about 0.1 to about 4000 psi. 
35 26. The process of Claim 21, wherein the final concentration of the treated adsorption effluent leaving 
the auxiliary sort>er is in the range ft-om about 0 to about 1 ppmv. 

27. The process of Claim 21. wherein the adsorbent in the primary adsorber is selected ft-om the group 
consisting of crystalline zeolitic molecular sieves, carbon-based adsort>ents. silica gel. activated alumina, 
and combinations tiiereof. 

40 28. The process of Claims 21, wherein the adsoritont In tiie auxiliary sorber is selected from the group 
consisting of zinc oxide. Iron sponge, causticlzed alumina, impregnated carbons, chelating compounds, and 
combinations thereof. 

29. A process for the removal of sulfur compounds from a fluid stream feedstock comprising tfie steps 

of: 

45 (a) passing the fluid stream feedstock through a primary adsortjer containing crystalline zeolitic 

molecular sieve material capable of selectively removing sulfur compounds firom the fluid stream feedstock 
to provide an adsorption effluent having a concentration of sulfur compounds In the range or from atx>ut 2 to 
5 ppmv; 

(b) passing the adsorption effluent to an auxiliary sorber containing zinc oxide which is selective for 
60 the sorption of sulfur compxDunds In the adsorption effluent to provide a treated adsorption effluent 
containing a sulfur compound concentration of less than 0.1 ppmv. 
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